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CHAPTER I
INTRODUCTION
Location and Size of the Millican Creek Area
The Millican Creek area, named for a small stream which traverses
the region, is located in the northeastern portion of Sevier County,
Tennessee, approximately twenty miles east of Knoxville (Figure 1).
The area is situated within the Tennessee section of the Valley and
Ridge physiographic province (Fenneman, 1938, pp. 265-276) about eight
miles northwest of the foothills of the Great Smoky Mountains.

The

mapped area (Plate 1), which encompasses about twenty-five square
miles, is represented within the Kykers Ferry (156-NE) 7-1/2 minute
topographic map published jointly by the Tennessee Valley Authority
and the United States Geological Survey.
Local Topography and Drainage
The topography of the Millican Creek area is typical of that
developed upon rocks of the eastern elastic phase of the Middle
Ordovician sequence in East Tennessee. · The topographic expression is
characterized by lines of high elliptical knobs and elongate ridges
aligned parallel to the strike of the bedrock.

The rock is composed

chiefly of interbedded sandstones and siltstones.

These knobs and

ridges are quite asymmetrical, the slope of the scarp face far exceeds
1
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Figure 1 .
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Location of the Millican Creek Area.
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that of the dip face.

Interspersed with these knobs and ridges are

exceedingly steep-sided ridges a.nd spurs that are elongated at right
angles to the strike of the beds.

These beds are predominantly sha.lie

and interbedded calcareous siltstone.

Here it appears that erosion

has been controlled to a great degree by steeply dipping joints which
trend parallel to the dip of the bedrock.

The narrow, deep valleys

which lie parallel to the strike of the beds are formed on the e�osion
ally weaker beds or along fracture zones.
In sharp contrast to the knobby country of the central and
southern portions of the area, a rather subdued, slightly rolling, and
moderately karst topography is developed in the argillaceous limestones
and dark-gray shales in the extreme northern p art of the area.
In. the north central portion of the mapped area there is a large
abandoned meander of the French Broad River.

Most of the floor of the

meander scar is underlain by a relatively thick blanket of terrace
material ranging in size from clay to cobbles.

Other isolated terrace

deposits occur throughout the mapped area; however, they are more
abundant in the northern section.
The maximum relief within the area is about 400 feet.
The region is well drained by the French Broad River and many of
its tributaries, most of which are deeply intrenched.
Previous Investigations
The Millican. Creek area was mapped by Keith ( 1895) as a part
of the Knoxville Folio in the Geologic Atlas of the United States.

4
Keith's stratigraphic section witl;lin the Millican Creek area consists
of the Chickamauga Lime stone, the Athens Shale, the Tellico Sandstone,
and the Sevier Shale (Figure 2).
The area was also included in the geologic map of the Douglas
reservoir by the Tennessee Valley Authority (1943) with geology by
H. Wedow.

Wedow mapped three units within t he area:

(l) the Lenoir

Limestone, (2) the Athens Shale, and (3) the Sevier Formation (Figure 2).
Rodgers (1953, pp. 76-82) described a number of unit s from this
strike belt, but "proposes to return to the oris-inal meaning of the
term Seviier and apply it to the whole mass of shale where undivided"
(p. 78).

Rodgers states (p. 78) that he believes the Sevier thus de

fined includes equivalents of the typic_al Lenoir, Holston, Athens and
Ottosee unit's.
Laurence (194 4) described an Early Ordovician sinkhole about
300 feet deep in the extreme northern portion of the a.rea at Dougla.s
Dam.

1be sinkhole is developed in the upper part of t he Knox Group

and is filled with volcanic ash and shaly dolomite.
Bridge (1955) mapped a section of the Ordovician strata which
crops out along t he north shore of Douglas Lake approximately on<1!i mile
northeast of t he pl!'esent mapped area.

Bridge described seven st:!'a.ti

graphic units within t hat area (Figure 4).
Neuman (1955) mapped the 'Tellico-Sevier belt which adjoins the
Millican Creek area on the southwest.

Neuman described eleven forma�

tions a.nd members within this belt, but only eight of these presumaply
extend into the present mapped area (Figure 4) .

Figure 2.
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Lenoir limestone
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Purpose of the Present Investigation
The purpose of the present study was two fold.

First, and most

_important, was to deter·mine if less generalized mappable units than h ad
been previously described could be defined wit�in the Middle Ordovician
section.

Secondly, if subdivision was posi:ii.ble, a geologic map and

related cross-sections were to be constructed s�owing the areal extent
of the mappable units and the interpretation of the relationships of
these units.
Present Investigation
The present investigation was undertaken in March, 1962 and was
continued intermittently until July, 1963.

Field data were gathiered Toy

employing accepted geologic methods and by following the general pla!l1
as outlined below:
1. · A search and subsequent study .of the literature was made
in order to gain an understanding of the broad features
of the geology and geography of the area.
2.

A gen�ral reconnaissance was made along all of the public
roads within the area.

3.

A traverse was made on foot aloP..g both banks of the Flat
Creek embayment. An additional traverse was made by boat
along Flat Creek to examine otherwise inaccessible outcrops.

4.

Supplementary traverses were made between the initi al road
traverses and the Flat Creek traverse in order to obtain
further control.

5.

All stratigraphic units and possiple major fault zon®s were
walked out along strike where possible.

CHAPTER II
STRATIGRAPHY
Local Stratigraphy in General
The rocks exposed within the Millican Creek area are of sedi
men.tary origin and range in age from Early to Middle Ordovician.

Tl'me

rocks of Early Ordovician age are assigned to the upper part of the
Knox Group and consist chiefly of interbedded bluish-gray, very fine
grained limestones and pale-gray, fine-grained dolomites.

'!'he rocks

of Middle Ordovician age range from relatively pure limestones through
very fine-grained elastic rocks to coarse-grained sandston�s.

All of

the elastic rocks, which form the bulk of this sequence, are calcareous
to a degree.
A very prominent disconformity marks the boundary between the
Early and Middle Ordovician.

This disconformity, herein named the

Bridgean Disco:nformity in honor of the l ate Josiah Bridge who studied
this feature in considerable detail, represents a time of undetermined
length during which the rocks of Early Ordovician age were subjected
to sub areal erosion prior to the deposition of the Middle Ordovicia.!'.ll
rocks.
Rocks Underlying the Middle Ordovician Section
The rocks u nderlying the Middle- Ordovicia n section were not
studied in detail during this investigation; however, they are assigned
7
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to the Mascot Formation (Bridge, 1955, pp. 7 25-7 26) which is the upper
unit of the Knox Group.
age.

The Mascot Formation is of Early Ordovician

It consists chiefly of interbedded bluish-gray, very fine-grained

to aphanitic limestones; pale-gray, fine-grained dolomites; beads of
"ribboned" dolomite and limestone; and thin, discontinuous zones of
fine-grained, well rounded and frosted quartz sands cemented wit]llin a
calcareous matrix.
The contact between the Mascot Formation and the overlying Middle
Ordovician rocks is marked by the prominent disconformity noted previ
ously.

This disconformity is characterized by a distinct change in

lithology; that is, from relatively uniformly bedded, pure limestones
and dolomites below to extremely unevenly bedded, rubble and chert con
glomerates, dark-gray to black shales and dolomites, and fine-to coarse
grained calcareous sandstones above.
The Mascot Formation is about 525 feet thick in this general
region (Bridge, 1955, p. 7 26); however, only the upper few hundred feet
are included within the mapped area .
The Middle Ordovician Section
At present there is much controversy concerning the stratigraphy
of the Chic!-tamauga and equivalent rocks in the Southern Appalachians.
This controve.rsy has run the gamut-in ·both subdivision and correlation.
Rodgers (1953, pp. 64-68) has ably outlined the various views concerning
this problem and their historical development.
Differences of opinion regarding Chickamauga subdivision and
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nomenclature stem from the particular stratigraphic emphasis employed
by various workers.

Some geolo�ists (Rodg$rs, 1953) .coBsider the strati

graphy of the Chickamauga from a litholo�ic view point; others ( G. A.
Cooper, 1956) have developed systems based largely upon paleontologic
�vidence; while a few geologists (Neuman, 1955) have attempted to
assimilate both. kinds of evidence into a more reasonable approach to
the solution of the problem.

Workers employing these three approaches

have introduced many stratigraphic names into the literature (Figures 2
and 4) and as a result have created m,.uch·confusion and debate.
In view of this controversy and the complexity of resulting
nomenclature, the present investigator has elected to describe the
stratigraphic units in the Millican Creek area independently of previous
terminology and to tentatively correlate these units with existing

\/

named formations and members.
Limestone Sequence
The Limestone Sequence which forms the lower stratigrap];lic unit
of the Middle Ordovician rocks of the area e2Q1ibits extremely complex
facies relationships (Plate 2) .
within this unit:

Seven distinct lithofacies are known

(!)· Basal Clastic Facies, ( 2) Dolomite Facies,

(3) Calcilutite Facies, ( 4) Calcarenite Facies, (5) Argillaceous Cobbly
Limestone Facies, (6) Argillaceous Bedded Limestone Facies, and (7)
Pyritic Facies.

All of these units may be seen at the head of a small

valley about 2,000 feet south-southeast of Douglas Dam (Tennessee
rectangular coordinates 2, 730,050E-578,350N) .

Except for the Basal

lO

Clastic Facies and the Pyritic Facfes, these lithofacies are quite vari
able in thickness, lateral variation, and stratigraphic posi tion within
the Limestone Sequence.

The Basal Clastic Facies is as the name implies

a elastic unit resting upon the disconformity .

The Pyritic Facies, on

the other hand, forms the uppermost unit in the Limestone Sequence in
. bserved.
every outcrop in which it was o

The Argillaceous Cobbly Lime

stone Facies and the Argillaceous Bedded Facies usually compose about
70 per cent of the sequence.

The total thickness of the Limestone

Sequence ranges from approximately 35 to 1 10 feet, but averages about
80 feet.
Basal Clastic Facies.

This unit contains several rock types:

(1) a chert or limestone-pebble conglomerate in a matrix of limestone
or dolomite; (2) a dark-gray, sandy dolomite; (3) a light-to dark-gray,
sandy limestone; and (4) a dark-gray fissile shale.
The chert conglomerates are of two general types.

One is a de.rk

gray, fine-grained, thick bedded dolomite containing angular fragments
and/or large weathered masses of chert which stand in high relief upon
the surface of the weathered rock.

The other is a dark-to light-gre.y,

fine-to medium-grained, thick bedded, arenaceous limestone a.lso con
taining angular fragments and/or masses of chert.

This arenaceous

limestone weathers to a light-gray, granular appearing rock with the
chert standing in high relief upon its surface.
The dark-gray to gray-black shales form local interbeds less than
one inch thick throughout the basal unit and also occur as breccia and
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fracture fillings a few feet stratigraphically beneath the top of the
Mascot Formation.
None of the occurrences of this unit are well enough exposed
along strike to permit defining their exact relations; however, the
deposits are assumed to be lenticular and to lie fn depressions upon
the erosional surface of the Knox Group as suggested by Bridge (1955,
p. 727).

All of the units of the Basal C 1astic Facies grade vertic ally

into the overlying lithofacies of the same unit or into overlying units.
This facies r anges from a feather edge to about eight feet in thickness.
A few small Lingula-type brachiopods were observed in the dark
gray shales.
Dolomite Facies.

The dolomite.of t:p.is facies is dark-to light

gray, thick bedded, and locally arenaceous.

Except for the absence of

chert, it. is similar to the dolomites of the underlying Bas.al Clastic
Facies.

This unit is very thin and lenticular and grades laterally

and vertically in to other members of the sequence.
A high-spiraled gastropod ?Subulites regularis Ulrich and
Scofield was observed at several localities.
Calcilutite Facies.

The Calcilutite Facies is a massively

bedded, dove-gray, aphanitic limestone.

Locally, this limeston� con

tains numerous small isolated calcite crystals and gastropod molds
filled with.crystallin� calcite.

The unit is rather thin and lenti

cular and grades both lat�rally and vertically into the other members
of the sequertce.
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The gastropod Maclurites magnus? Lesueur was found in almost
every outcrop of this unit.
Calcaren:J..te Fa.cies.
distinct rock types.

The Calcarenite Facies is composed of two

One type is a pink to gray, coarsely crystalline

calcarenite containing abundant brachiopod fragments.

The other is a

dark-gray, coarsely crystalline, fossiliferous, limonitic calcarenite.
Both lithofacies are quartz free.

The pink calcarenite generally occurs

stratigraphically below the darker facies where both are present in the
section.

The calcarenites form lenses a few feet thick which grade

laterally and vertically into the adjoi.ning lithofacies.
Fragments of brachiopods, gastropods, and crinoid columnals
were observed in the dark-gray calcarenit'e; but only fragmental
brachiopods were found within the pink variety.
Argillaceous Cobply Limestone Facies.

This unit is a light-to

dark-gray, fine-to coarse-grained, argillaceous, locally pyritic, cobbly
limestone which contains abundant fragmental organic debris.

Upon

weathering, the cobbles are gene;r·ally freed from the shaly matrix and
litter the surface of the g;round over large expanses of the outcrop
belt.

This lithofacies commonly comprises about 50 to 60 per cent.of

the Limestone Sequence, and appears to grade both laterally and verti
cally into adjacent lithofacies.
The fauna of th.is fa.cies is large and diverse.

Brach.iopods,

cephalopods, trilobites, ostracods, and bryozoans and crinoidal debris
are quite abundant.

Excellently preserved specimens of Pliomerops
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canadensis B illings (A. R. Palmer, written communicat ion, 1962} were
collected about 2,000 feet east-southeast of Douglas Dam (T. R. C.
2,731, 150E-579,350N) within a zone about two feet th ick and approx i
mately two feet stratigraphic ally above the Br idgean D isconformity.
Species of Maclurites rnagnus? Lesueur were observed at a number of
local ities within this lithofacies as were Valcourea sp.

A number of

spec imens of Birnuria superba? Ulrich and Cooper were collected from the
upper portion of this fac ies.
Argillaceous Bedded Limestone Facies.

This member is a dark�to

light-gray, argillaceous, locally m icaceous and hematit ic, fossiliferous
l imestone that occurs in thin, even beds.

The rock is extremely hard

and compact, and upon weathering breaks into large fl agstone-like blocks.
The upper few feet of this member weather to a compact orangish-yellow
saprol ite in wh ich there is an abundance of well preserved molds of
foss ils.

Locally w ithin the saprolite there are small pockets and

lenses of medium-to coarse-grained, heavy m ineral-bear ing sands.

These

sands are composed mainly of quartz (both clear and rose varieties);
but also contain zircon, tourmaline, hornblende, magnetite, and garnet.
These thin-bedded l imestones contain numerous cephalopods
( ?Orthoceras), brachiopods (OUgorhynch ia sp.), and bryozoans and cri··
noidal debris.
Pyrit ic Fa.c ies.

The Pyrit ic lii'acies where present forms the upper

l ithofacies of the L imestone Sequence.

Character istically it is a dark

gray, fin�-grain�d, argillaceous, locally conglomeratic, fossil iferous,

14
pyritic limestone which weathers to a.conspicuous rusty ledge.

This

member averages about one foot thick at a point approximately 2,000 feet
south of Douglas Dam, but thickens toward the northeast along strike.

A

few miles to the northeast of the thesis area, its thickness has increased
to about six feet and numerous prospect pits mark its trace.

Where out

crops are scarce, this bed may be easily traced along strike by the large
blocks of manganiferous limonite float which are produced as a result of
weathering .
The contact between the Pyritic Facies and the ove.rlying dark
gray, graptolitic sh�le generally appears gradational; however, at one
locality (T. R. C. 2, 731, 250E-579, 050N) the contact is disconformable
(Figure 3) .

At this locality a channel about ten feet deep has been

eroded through the Pyritic Facies and sub jacent members and into the
Argillaceous Cobply Limestone Facies.

Cobbles of the Pyritic Facies,

as well as cob bles of numerous other beds within the Limestone Sequence,
and blocks of light-gray dolomite which are lithologically similar to
the underlying Mascot Formation are incorporated within the shale which
fills the channel.
Dark-gray Shale Sequence
Overlying the Limestone Sequence is 600 to 700 feet of dark�gray
shale; lenses of dense, gray limestone; and thin-bedded, fine-grained
sandstone.

These rocks collectively form a mappable unit, which can be

subdivided into three distinct lithofacies zones.
sists of shale.

The lower zone con

The middle zone contains interbedded limestone and

15

-Figure 3 . Generalized sketch of
between the Dark-gray Shale
south side of Douglas Lake,
ten foot deep channel as it
elevation of 940 feet . The

-

---

--- -

channel defining the disconformity
Sequence and the Limestone Seq�ence,
Tennessee . The sketch shows the
is exposed when the lake is at an
view is toward the southeast.
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shale.

The upper zone is composed o f interbedded sandstone and shale.
Dark-gray, Graptolite Bearing Shale Unit.

The dominant rock

type o f the Dark-gray Shale Sequence is a finely laminated, micaceous,
graptolite-bearing shale.

The weathered shale is gray-prown or choco

late brown, thinly fissile, and extremely brittle.

The member grades

laterally and upward into the overlying Cobbly Limestone Unit.

The

shale is quite contorted and frac tured.
Graptolites o f the Athens or Normans,ki.1 1 type are abundant
throughout the shale; however, the greatest number o f well preserved
individuals occur in a zone about sixty feet below the top.

Three

identi fiable genera, Climacograptus, Dicellograptus, and Diplograptus,
are present in this zone.
The thickness of this unit was calculated from field data and
found to be approximately 800 feet.

The present author considers this

thickness to be excessive in view of the numerous folds and faults
occurring throughout the unit, and would suggest that the true thickness
is probably closer to 500 or 600 feet.
Cobbly Limestone Unit.

The Cobbly Limestone Unit forms a zone

about fi fteen to twenty feet thick in which numerous thin beds and
lenses o f dense, fine-grained, gray limestone are interbedded with
dark-gray, graptolite bearing shales identical to those o f the sub
jacent member .

This member is quite persistent and may be traced along

strike for a considerable distance.
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These limestone beds are sparsely fossiliferous and have yielded
no identifiable m aterial.
Sandstone Unit.

This unit forms a zone about fifty feet thick

consisting of thin beds of dark-gray, calcareous, fine-grained sand
stone alternating with thin beds of dark-gray, silt-free shale similar
to those composing the main body of the Dark-gray Shale Sequence.

The

proportion of sand increases upward until individual sandstone beds
attain thicknesses of three to four feet and the shales form only thin
intervening partings.
This member represents a transition zone between the shale beds
below and the siltstone and sandstone beds above.

Any contact chosen

between these two larger units would be an artificial one; however, for
mapping purposes the boundary was selected at the 4ighest occurrence of
dark-gray shale.
Dark Siltstone and Sandstone Sequence
This sequence is composed of gray, silty, calcareous shales;
fine-to coarse-grained, calcareous sandstones; and gray, silty to sandy,
limestones and calcarenites.

A thick sandstone zone near the middle of

the sequence roughly divides this larger unit into three members:

( 1)

the Lower Shale Unit, (2) the Middle Sandstone Unit, and (3) the Upper
Shale Unit.

These rocks are in_tricately folded and faulted, thus making

an accurate determination of thickness impossible.

Along strike to the

southwest where these rocks are much less contorted, they have been
studied in detail by R. B. Neuman (1955).

Neuman (1955, p. 155) states
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that they aggregate a thickness of from 2, 700 to 4,500 feet.

Cross

sections of the thesis area constructed by the present investigator
suggest a maximum thickness of approximately 3,500 feet for this
sequence.
Lower Shale Unit.

Light-gray, sandy, calcareous shales and

siltstones form the bulk of this member.

These rocks weather to

yellowish to buff, irregular slabs which range from about one-quarter
to one-half inch thick.

The slabs show very closely spaced bedding

laminae when viewed on edge.

Thin-to thick-bedded, fine-grained, light

gray calcareous sandstone is interbedded with the shale and siltstone.
Upon weathering most of the carbonate is leached from the rock producing
a yellow brown to reddish brown, fine-grained, evenly textured, very
cohesive sandstone.

Individual sandstone beds range from a few inches

to several feet in thickness.
Fossils are generally rare in the rocks of the Lower Shale Unit.
The graptolites Dicellograptus sp, and Callograptus sp. are the most
abundant, occurring locally in the shales.

The trilobite Isotelus sp.

was observed at a few localities, predominantly in the sandy zones.
sandy zones also yielded a few ostracodes.

The

Locally, however, the silt

stones abound in specimens of the trace fossil Fucoides.
Middle Sandstone Unit.

The predominant rock type of this unit

is a gray to bluish gray, fine-to medium-grained, evenly textured sand
stone.

The rock weathers to a yellowish to reddish brown, dense, fer

ruginous sandstone in w�ich fossil fragments appear as limonitic molds.
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These sandstones form len ses a few feet to over a hundred feet thick in
which occur thin beds of browni sh weathering, gray, fossiliferous silt
stones and yellowish weathering, gray shales.

Thin beds and lenses of

gray, quartzose calcarenite occur throughout the unit.
Only fragments of a large trilobite similar to Isotelus, frag
mental brachiopods, bryozoan s, and crinoidal debris were observed within
this unit.
Upper Shale Unit.

This member is quite similar to the Lower Shale

Unit, except that the rocks are much lighter in color and contain con
siderably less coarse elastic material.

Light-gray, locally silty, cal

careous shales and thin-bedded siltstone s are the ma jor rock types.
Zones of dark-gray, slightly silty, fos siliferous, calcarenites and
argillaceous, cobbly limestones are quite abundant throughout the member,
but are thicker and more persistent near the top.

Lenses of fine-grained,

calcareous sandstone occur locally in the lower portion of the unit.
Fragmental brachiopods and trilobites were the only fossils found
within this unit.

The graptolites which dominate the fauna of the lower

elastic units are conspicuou sly absent in the Upper Shale Unit.
Yellow Weathering Shale Sequence
This sequence is composed of li.ght-gray, yellow-weathering shales
and thin, interbedded siltstones, and is essentially devoid of the coarse
elastic material wbich is so ch aracteristic of the underlying units.
Thin zones of gray, very argillaceous, nodular limestone occur near the
top of the sequence.

These limestones are extremely fo ssiliferous,
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containing abundant bryozoan and crinoidal debris, and fragmental
brachiopods and tri lobites.
Any statement as to the thickness of this sequence would at best
be only an estimate, because the entire unit is highly folded, cleaved,
.!
jointed, and faulted.
Correlation of the Middle Ordovician Units
The tentative correlations (F'igure 4) of the rocks of Middle
Ordovician age in the Millican Creek Area are based upon paleontologic
and stratigraphic evidence set forth in preceding sections of this
chapter.

The pertinent information concerning these correlations may

be sum.marized as follows:
1.

The Basal Clastic Facies and the Dolomite Facies of this
report are correlated with the Douglas Lake Member of tihe
Lenoir (Bridge, 1955, pp. 7 27-728) on the basis of litho
logic similarity and stratigraphic position. No diagnostic
fossils were found within these rocks.

2.

The Calcilutit� Facies is correlated with the Mosheim
Member of the Lenoir Forfflation on the basis of lithologic,
stratigr aphic, and paleontologic similarities. Specifically,
the gastropod Maclurites magnus? Lesueur (Chazyan) was
associated with this member throughout its extent.

3.

The Calcarenite Facies and the lower portion of the
Argillaceous Cobbly Limestone Facies are correlative with
the Lenoir Limestone on the basis of lithology and stra
tigraphy, but more ·precisely by the faunal assemblage of
Valcourea sp. , Maclurites ms.gnus'? Lesueur, and Pliomerops
canadensis Billings.

4.

The upper portion of the Argillaceous Cobbly Limestone
Facies, ·the Argillaceous Bedded Limestone Facies, and the
Pyritic Facies are correlated with the Whitesburg Limestone
Member of the Blockhouse Shale (Neuman, 1955, pp. 1 48-154)
by 11thology, stratigraphic position, and the occurrence
of the brachiopods JBimuria superb_!'? Ulrich and Cooper and
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Ol igorhynchia? which are restr icted to the Whitesburg and
h igher un its (Cooper, 1956) .
5.

The three descr ib ed units o f th e Dark-gray Shale S equ ence
are all correlat ive w ith the Blockhous e S hal e (Neuman, 1955 ,
pp . 148 -154 ) or Ath ens Shale o f old er t erm inology. Th is
correlat ion is bas ed upon l itholog ic and strat igraph ic
s imilar iti es and upon the occurr enc e o f the graptolites
Climacograptus, D icellograptus, and D i plograptus, which
are all of the Normanskill aspect.

6,

Th e un its strat igraphically abov e the Dark-gray Shale
S equence form a mass ive l itho faci es and a re t entatively
corr elated w ith the Tell ico Format ion as defined by N euman
(1955 , pp. 154- 15 7 ) on the bas is o f l ithology and stra
t igraphy. All foss ils obs erv ed w ith in this s equence are
either long-rang ing types or ar e not w ell enough preserv ed
to perm it id ent i fication .

CHAPTER I I I

STRUCTURE
Reg ional Structure
The structural framework of the southern Appalachians has been
described by ma ny writers , no tably, King (1950, 1959), Miller (19 45),
Rich ( 1934), Rodge rs (1949 , 1950, 1953a, 1953b), and Woodward 0957).
The following, therefore, is in tended only as a brief summary .
The Appalachian structural system, which consists of three broad,
sweeping curves, each convex to the northwest, extends from the Gulf
of St. Lawrence southward across eastern North America to and beneath
the younger rocks of the Coastal Plain.
longitudinally into three belts:

The system may be divided

( 1) the Appalachian Plateau belt,

( 2) the Valley and Ridge bel t, and (3) the Blue Ridge -Piedmont belt .
This does not, h owever , imply the existence of three such distinct
and separate struc tu ral zones.
The Blue Ridge -Piedmont belt embraces the complex zone of meta
morphosed igneous and sedimentary rocks which lies between the Valley
and Ridge belt a nd the Coastal Plain.

The Valley and Ridge belt con

sists almost entirely of u mnetamorphosed, but intensely folded and
fault ed, sedimentary rocks.

The Appalachian Plateau belt, which lies

on the northwest flank of the system, is composed of rocks which are
nearly flat, except for outlying folds ( Sequatchie anticline) a nd
faults (Pine Mountai n f ault ) .
23

24
These Ql.3l ts, as men tioned abov e, are not distinct st ruc tu ral
units , but grade into one another .

As pointed out by Cloos ( 1947,

pp. 90 1 =910), Kesler ( 19 40 , p. 281), and Ki ng (19 4 7 ) , the continuous
Blue Ridge overthrust of Jonas (193 2, pp. 232-233) , which supposedly
separated the Valley and Ridge from the Blue Ridge, does not exist.
These men recog nize, in the respective area described, only a north 
westward decrease i n the nature of the deformation.

Likewise , the

Cumberland structural front which is supposedly defined by the
Cumberland Escarpment and separates the Valley and Ridge from the
Appalachian Plate au belt does not exist.

The structures of the Valley

and Ridge and the Cumberland Plateau merge (Swingle, and others, 1956,
p. 1758) .
The Appalachians are truly a structural system.

All of the

geologic events --vulcanism, metamorphism, folding, faulting, erosion ,
and sedimentation--bear upon the product.

The system , therefore,

should not be dismembered and its parts examined without a conscious
ness of their broad re lationships with the system.
Structure of the Valley and Ridge
Province in General
In Eas t Tennessee , most of the Val ley and Ridge provi nce is made
up of imbric ate fault slices and asymmetrical or northwestwardly over -·
turned folds.

Many of the major fau lt slices are great masses of roc k

which have been thrust for miles over the underlying roc ks along
ex tremely low-anig le fault zone s.

Some of these great sheets of rock,
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such as those defined by the Sa ltville and Pulaski faults , may be
traced for hundreds of m i l es along strike.

On the other hand , some of

the fault slic es are merely simp le breaks on the flanks of anticlines,
resulting when stresses applied to the folds became too great to be with 
stood by the strata i nvolved.
Two schools of thought have developed in recent years concerning
the depth of which the Appalachian deformation extends in the Va lley
and Ridge province.
The first school , or basement theory, insists that the folds and
faults occurring in the Paleozoic sedimentary rocks are simply reflec
tions of adjustments i n the underlying Precambrian basement rocks .

This

theory, as elaborated by Ver Wiebe (1936), holds that each major anti 
cline appearing in the sedimen tary column is the direct result of a
major upwarp in the basement and that each major thrust fault in the
sedimentary rocks is merely the continuation of a similar fault from
the basement.

In short , the deformation occurred in the basement rocks.

Adherents of the second school (Rich, 193 4) sugg est that the folds
and faults are independent of the basement and that a great portion of
the sedimentary rocks have been stripped of f the basement along grea t
bedding pla ne thrust faults by forces acting wholly within the sedimen
ta ry rocks.

Further, the structures of the Valley and Ridg e are only

marginal to the greater deformation which occurred to the southeast in
the Blue Ridge and the Piedmont.
In rec ent yea rs, i ncreasing geological and geophysical data
indicate that the m ajor portion of the deformation in the Valley and
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Ridge province is shal low , and does not extend into the basement, or
even i nto the lowest Pa leo zoic rocks of the area. · · There are also
indications that the basement rocks are involved both on a local and
a regional scale.

This suggests that neither of the above mentioned

concepts are comple tely right nor completely wrong.

The present w riter

considers both the "basement" and the "no-basement" theories as the
possible extremes , and wou ld suggest that the true Appalachian struc
tural picture lies somewhere between thes � concep ts.
Loc al Structure in General

I

The Millican Creek area lies on the northwestern limb of a broad,
shallow syncline.

The syncline is quite asymmetrical; the rocks of the

northwestern limb dip gently to the southe ast, while the rocks of the
southeastern limb are overturned and dip steeply to the southeast.

The

sandstones and shales composing the core of the syncline a re complexly
folded and faul t(')d; wl'mere a.s , the underlying dolomites and limestones
show only minor, bro ad fleixures.

'l'he boundary be twee n the rocks of

Early and Middle Ordovician age is markad by the Bridgean Disconformity.
The Guess Cre ek fault e xtends in a northeasterly direction
through the region approxim ately along the south.eastern boundary of
the mapped are a.
A gentle swing in the regio ima l strike, occurri.ng between Douglas
Dam and Kykers Ferry , broadly defi nes a large anticline which trends
across the str ike.

'][b.e re latio ns of this structure are obscure , but it

is suggested that the significa nce of this feature is of a regional
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rather than a loc al nature .
Bridgean Disconfo r.mity
The promi nent B ridgean Disconfo :rmity :marks the bou ndary betwe en
th e rocks of Early and Middl� Ordovician age .

This disconformity

r epresents a timie of u ndete r.min"'d length during wnich the rocks of
Early Ordovician age were subjected t o subaeri al erosi.on prior to the
deposition of the Middle O rdovicia n rocks.

The disconformity also

marks a major regional cha nge in the t ectonic environment and probably
r eflects a major orogenic episode.

Prior to Midd le Ordovician time

the source of the el astic fr action of the Pal eozoic sedim ents lay
g enerally to the west of the present area.

On the other hand, during

Middle Ordovician time the elas tic portion of the rocks was d erived
from the east.
The disconformity is rarely well exposed, but can commonly be
located within a distance of a few feet as it is generally marked by a
distinct change in lithology.

The Lower O rdovician rocks are uniformly

bedded, limestones and dolomites ; wh ereas, the overlying Middle
Ordovician rocks are uneve nly bedded rubb le and ch ert cong lomerates,
dark-gray shales, and c a.lcar®ous sandstones.
The maximum r elief present upon this pa leo-erosion surface is
suggest ed by Bridge ( 1955, p . 727) to be about 1 40 feet .

The present

writ er believes the reli ef within the Millican Cre ek area is comparable.
This opinion is bas ed upon constructed cross-s ections of the discon
formity, the l enticularity of the bas al e lastic units o f the Middle
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Ordov i c ian sequence, and the gr eat var iance in th e th ickn ess of the
L im estone S equence (35 to 1 10 feet ).
The d isconform ity is exposed at a number of local it i es w ithin
th e pres ent area.

The outcrops most clearly show ing the d isconform ity

are locat ed approx imat ely 2, 000 feet east-southeast of Douglas Dam
(T. R. C. 2, 73 1, 150E-579, 350N) and about 2, 40 0 f eet south-southwest of
the dam ( T. R. C. 2, 7 28,950E-57 7, 700N).

At both local it ies a thin,

sandy to conglomerati c limestone lies upon dolom ite.
Guess Cree k Fault
A prom inent fault zone, extend ing along the southeastern boundary
of the present ar ea, marks th e str ike extens ion of the Guess Cree k Fault
as mapped by Neuman ( 1955).

Neuman mapped the fault across the P i geon

Forge quadrangle (ad jo in ing the thes is area on the south) to the
boundary of the Ky kers Ferry quadrangle, or to a po int approx imately
one m ile west of the southern boundary of the M ill ican Cree k area .
Based upon the wor k of Neuman, Rodgers ( 1953, Plate 9) extend s th e fault
into th e present area for a d istance of about three miles.

Deta iled

f i eld work by the present inv estigator clearly ind icates that the fault
extends across th e M ill ican Creek area.
The Guess Cree k Fault in the Mill ican Cre ek area occurs w ithin
rocks of M iddl e Ordov ician ag e.

Rocks of the Middle Sandston e Unit of

the Dark S iltston e and Sandstone Sequence ar e thrust upon rocks of the
Upper Shale Un it or the Yellow Weather ing Shale Sequ ence.

The stra

t igraph ic d isplacement is bel i eved to be about 1, 500 fe et at the
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southern boundary of the area and to decrease i n a northe astwardly
di rection.

The trac e of the fault zone i s marked by numerous small

drag folds , c alc i te and quartz filled fracture s , and mylonite zones .
The beds of the footwall block are hi ghly contorted ; whereas , the beds
compr i sing the hanging wall are relati vely undi sturbed and dip to the
southeast .
Minor Folds and Faults
Small, generally asymmetric folds occ ur within all of the units
stratigraphically above the Dark-gray Shale Sequence.
anticlines and synclines strike N 40 ° -10
to the regional trend.
southeast.

°

The axe s of the

E , or approximately parallel

The axial planes dip steeply and usually to the

Small , southeastwardly dipping thrust faults are locally

associated with these folds.

The displacements along these faults

range from a few i nches to a few feet.
Several folds of larger ampli tude also occur wi thin these rocks .
The geometry of the folds is basically the same as that descri bed in
the preceding paragraph.

Numerous southeastwardly dipping faults are

as sociated with these larger folds , and thei r displacements are pro
portionally greater than those assoc iated with the smaller folds .
Numerous examples of the folds and faults which occur wi thin
the mapped area are clearly displayed along both banks of the Flat
Creek embayment .
A relati vely small dextral wrench fault occurs a short distance
southwest of Kykers Ferry.

The rocks involved in thi s faulting include
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t he Mascot Formation, the Limestone Sequence , and the Dark-gray Shale
Sequence .
Cleavage and J ointing
Both .slaty and f racture cleavage (Billings , 1 954, pp. 336-361)
occur within the rocks of the 1'4illican Creek �rea; however, they are
best developed in the rocks of the Upper Shale Unit of the Dark
Sil tstone and Sandstone Sequence .

Fractu re cleavage is also well

developed i n the folds of the Middle Sandstone U nit about 1,000 feet
northwest of Catlett School and on the west bank of Flat C reek immedi 
ately southeast of Ker r Knob.
A prom.inent joint pattern is de. veloped over most of the area.
This fracture system is essentially vertical and parallel to the dip
of the rocks.

The st rike of the pattern ranges f rom N 20 ° E at Ewi ng

on the west edge of the a rea to about N 40 ° W at Ker r Knob on the east .
The joint system appears to be related to the large anticlinal st ructure
causing the swing of the regional strike.

CHAPTER IV
MINERAL DEPOSITS
The Mi l lican Creek Area is not known to contain minera l depo sit s
of pre sent economic va lue; however , i so lated occurrence s of limonite,
mangane se, and spha lerite were noted (P late 1) .
A few sha l low, overgrown pit s immediate ly south of Doug la s Dam
record an early attempt to recover spha lerite from the upper portion of
the Ma scot Formation .

No bedrock i s exposed within the se pit s , but the

dump area contain s fragment s of brecciated do lomite in which occur
vein let s of spha lerite and coar se recry sta l line do lomite with b leb s of
spha lerite .

To the northea st of the se pit s a sing le occurrence of

spha lerite wa s ob served a ssociated with recry sta l line do lomite within
a brecciated pinnac le of the Ma scot.
F loat b locks of limonite mark the trace of the Pyritic Facies as
stated previou s ly.

The limonite is most abundant at the northea stern

most loca lity indicated on P late 1.

No exp loration trenche s or pit s

were ob served in the area in a s sociation with thi s minera l.
Two sma l l , inactive rock quarrie s are located within the thesi s
area.

One wa s deve loped within the Lime stone Sequence at a point about

one quarter mi le southwest of Kyker s Ferry.

The other , north of

Mi l lican , wa s opened in a thin argi l laceou s lime stone occurring in the
Upper Sha le Unit .
Sma l l re sidua l nodu le s of manganiferou s limonite were noted ju st
31
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eas t of Mi l li c an .

The nodules appear t o be deri ved f rom a thin l ime

s tone bed wi thi n the Yellow Weathe ri ng Shale Sequenc e .

CHAPTER V
SUMMARY
Sedimentary rocks of Early and Middle Ordovician age are exposed
within the Millican Creek area.

These rocks include dolomite, lime

stone, shale, siltstone, sandstone, and conglomerate.

The Bridgean

Disconformity separates the predominately carbonate rock sequence (the
Mascot Formation ) of Early Ordovician age from the overlying, chiefly
elastic, sequence of Middle Ordovician age .
The Middle Ordovician rocks may be grouped into four major stra 
tigraphic units:

( 1 ) the Limestone Sequence , ( 2 ) the Dark-gray Shale

Sequence, (3) the D ark Siltstone and Sandstone Sequence, and ( 4 ) the
Yellow Weathe ring Shale Sequence .

These four units are tentatively

correlated with the Lenoir Limestone , the Blockhouse or Athens Shale,
and the Tellico Formation , as illustrated in Figure 4 .
The Guess Creek Fault extends through the Millican Creek area
and essentially defines the southeastern boundary of the mapped area.
Numerous minor folds and faults occur throughout the elastic rock
sequence of Middle Ord9vician age .
There are no known mineral deposits of present economic value
occurring within the thesis area.
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G ENERALIZED LITHOFACIES DIAGRAM OF THE LOWER MIDDLE ORDOVICIAN SECTION
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STRATIGRAPHIC DIAGRAM OF MIDDLE ORDOVICIAN R CKS IN THE TELLICO-SEVIER BELT, TENNESSEE
THE DIAGRAM WAS PREPARED NORMAL TO TH DIP OF THE ROCK TO SHOW RELATIVE
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